Glutamine synthetase is a key enzyme that catalyzes the biosynthesis of glutamine (Gln) 23 from glutamate and ammonia. Gln a vital amino acid acts as a precursor for protein 24 synthesis and also assist in ammonia repressor and a key osmoregulators in aquatics. 25 Here, we report the cloning and characterization of the GS gene from Macrobrachium 26 rosenbergii (Mr-GS). The complete nucleotide and deduced amino acid sequences were 27 determined that phylogenetically shared highest identity with other crustaceans. GS 28 mRNA was differentially expressed in 6 different tissues, with high to low order as 29 muscle > gills > heart > stomach > brain > haemolymph. Mr-GS expression and the 30 glutamine concentrations were analyzed in the gills and muscle tissues of prawn under 31 hyper/hypo-osmotic stress conditions. Under hyper-osmotic stress, the mRNA 32 expression of Mr-GS was significantly increased in both gills and muscle at 3, 6 and 12 33 h post-treatment with 2. 54, 4.21 and 10.83 folds, and 11.66, 17.97 and 45.92 folds, 34 respectively. Protein analysis by western blot (WB) and Immunohistochemistry (IHC) 35 further confirmed the Mr-GS expression was increased at 12 h post treatment. On the 36 other hand, under hypo-osmotic stress, the mRNA expression of Mr-GS was also 37 significantly increased in both gills and muscle at 3, 6 and 12 h post treatment with 38 1.63, 3.30 and 3.52 folds, and 4.06, 42.99 and 26.69 folds, respectively. Furthermore, 39 under hyperosmotic stress, Gln concentration was increased in both gills and muscle at 40 6 and 12 h post treatment with 1.83, 2.02 folds, and 1.41, 1.29 folds, respectively. While, 41 under hypo-osmotic stress, Gln concentration was increased in both gills and muscle at 42 3, 6 and 12 h post treatment with 3.99, 3.40, 2.59 folds, and 1.72, 1.83, 1.80 folds, 3 43 respectively. Taken together, these results suggest that Mr-GS might play a key role in 44 osmoregulation in M. rosenbergii. 45 4 46 48 freshwater cultured crustaceans and has a wide distribution in tropical and subtropical 49 areas of the world [1, 2]. There have been reported that the prawn could mature and 50 spawn in the freshwater area [3]. However, they must migrate to the brackish water 51 with salinity range between 9-19 ‰ for hatching and nursing of the larvae [2, 4]. As a 52 result of migration, this species exhibits an excellent tolerance to a wide range of 53 salinity, which is a characteristic of the prawn [5]. There are a number of reports about 54 the salinity tolerance of the prawn [2, 4-10]. However, the mechanism underlying the 55 osmoregulation of the prawn remains enigmatic. 56 Glutamine synthetase (GS, EC 6.3.1.2) is an enzyme catalyzes a reaction that 57 incorporates ammonium into glutamate and generates Glutamine (Gln), i.e., Glutamate 58 + ATP + NH 3 → Glutamine + ADP + phosphate [11]. The Gln plays crucial roles in an 59 array of biochemical functions, including protein synthesis, lipid synthesis, cell growth, 60 energy supply, as well as ammonia carrier [12]. The GS gene has been reported in many 61 species which included not only vertebrate species such as Chinese hamster [13], 62 chicken [14] and human [15], but also invertebrate species like Procambarus clarkii 63 [16], Crassostrea gigas [17], Fenneropenaeus chinensis [12] and Litopenaeus 64 vannamei [18]. However, up to date, there is no information about the GS gene of M. 65 rosenbergii. Previous studies had mainly focused on salinity-related changes in oxygen 66 consumption, ammonia excretion, and ion osmoregulation in M. rosenbergii [5]. There 67
Introduction
Giant freshwater prawn (Macrobrachium rosenbergii) is one of the world's largest 7 112 Table 1 . Primers used in the present study The expression pattern of Mr-GS in various tissues at different time points was studied 126 using qRT-PCR in Roche LightCycler 480 (Roche, USA). All used primers were 127 presented in Table 1 , where β-actin was used as an internal reference gene. The qRT-
128
PCR was conducted using AceQ ® qPCR SYBR ® Green Master Mix (Vazyme, Nanjing, 129 China). The reaction was performed in a final volume of 20 μl, containing 1 μl cDNA, 130 10 μl AceQ® qPCR SYBR® Green Master Mix, 1 μl each specific primer, and 7 μl Primers name Sequences (5' -3') Shanghai, China).
157
Immunohistochemistry assay 158 The IHC assay was performed as previously described [26] . In brief, both the gill and 159 muscle tissues were fixed with 4 % paraformaldehyde for 24 h at 4 ℃, and then paraffin- organized from high to low expression levels as muscle> gills> heart> stomach> brain > 236 haemolymph (Fig 4) . were found to be increasingly up-regulated both in the gills and muscles in a timely 242 manner. Compared to that of 0 h, the mRNA expression was significantly increased in 243 the gills with 2.54, 4.21, and 10.83 folds at 3, 6 and 12 h post of the treatment (Pt).
244
While it was also considerably increased in the muscles with 11.66, 17.97, and 45.92 245 folds at 3, 6 and 12 h Pt (Fig 5A) . On the other hand, under the hypo-osmotic stress with that at 0 h, the results showed that the expression of Mr-GS protein was 254 considerably up-regulated in both the gills and muscle at 12 h Pt (Fig 5B, 6B) .
255
Furthermore, the same tissue samples were subjected to the IHC assay. The results 256 showed a similar tendency of protein expression levels with that of the western blotting 257 in both the muscle and gill tissues (Fig 5B, 6B) . with 3.99, 3.40, 2.59 folds, and 1.72, 1.83, 1.80 folds respectively (Fig 7) . reported that more energy was required to maintain the body metabolic balance and 300 osmoregulation when the shrimps were exposed to salinity stress [28, 29] Gln not only performing as a nontoxic transporter of ammonia but also a kind of 323 abundant FAA and as a major osmolyte for crustaceans.
324

Conclusion
325
In conclusion, our results revealed significant evidence that Mr-GS could be involved 326 in coordinate osmoregulation in M. rosenbergii exposed to osmotic stress. Our results 327 will shed new light on the osmoregulation of crustacean.
